Introduction
============

Decompressive craniectomy is a valid neurosurgical strategy now a day as an alternative to control an elevated intracranial pressure (ICP) and controlling the risk of uncal and/or subfalcine herniation, in refractory cases to the postural, ventilator, and pharmacological measures to control it. The neurocritical care and the ICP monitorization are key determinants to identify and postulate the inclusion criteria to consider a patient as candidate to this procedure, as it is always considered a rescue surgical technique. Head trauma and ischemic or hemorrhagic cerebrovascular disease with progressive deterioration due to mass effect are some of the cases that may require a decompressive craniectomy with its different variants. However, this procedure per se can have complications described in the postcraniectomy syndrome and may occur in short, medium, or even long term.[@JR150066-1] [@JR150066-2] The paradoxical herniation is a condition in which there is a deviation of the midline with mass effect, even though the skull is not covered, which clinically relates to the sinking of the skin flap and the intracranial pressure changes that are more susceptible to the posture and the effect of atmospheric pressure. This herniation pattern is much more evident and susceptible to deterioration in cases where a ventricular shunt has also been installed, which contributes to a ventricular collapse and modification and alteration of the Monro--Kellie law, with the consequent maladjustment and neurological deterioration due to the paradoxical herniation. This condition requires prompt treatment by cranioplasty and should be considered as part of the postcraniectomy syndrome, as it may be responsible for the neurological impairment and/or sudden death.[@JR150066-3] [@JR150066-4] [@JR150066-5] [@JR150066-6]

Case Report
===========

A 72-year-old male patient that presents headache, diminished state of consciousness, and left hemiparesis. A subarachnoid hemorrhage is identified secondary to a ruptured supraclinoid internal carotid aneurysm with associated ischemia in the right medial cerebral artery territory and cerebral edema. Decompressive craniectomy was performed, and in a second intention the clipping of the aneurysm. After 2 weeks, neurological deterioration is observed due to secondary hydrocephaly that required a ventriculoperitoneal shunt. His neurological condition persisted as grade IV in the Hunt and Hess scale and a gastrostomy was installed for feeding 10 days after installing the ventriculoperitoneal shunt, all of this done in a public sector hospital. Afterwards, gradual sinking of the skin flap was identified in the cranial defect and new neurological deterioration with a comatose patient and rigidity of decerebration, critical condition that did not allow the cranioplasty to be performed, due to the evidence of paradoxical herniation. The patient died from sudden death ([Fig. 1](#FI150066-1){ref-type="fig"}).

![Simple cranial CT scan (axial and coronal), that shows strong evidence of paradoxical herniation with deviation of the midline, associated findings are the presence of the shunt system and the artifact produced by the aneurysm clip. CT, computed tomographic.](10-1055-s-0035-1570349-i150066-1){#FI150066-1}
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Discussion
==========

The decompressive craniectomy was systematically described by Cushing as one of the surgical strategies to diminish the elevated intracranial pressure. Ever since, it has been positioned as an applicable proposition to diverse neurological conditions characterized by mass effect, and the consequent rise in ICP and risk of herniation.[@JR150066-3]

Nowadays the decompressive craniectomy is a strategy applied in an ordinary fashion in many patients that suffer from severe head trauma, acute subdural hematoma, subarachnoid hemorrhage due to a ruptured aneurysm, medial cerebral artery malignant stroke, internal carotid artery stroke, severe cerebral venous thrombosis and dural sinus thrombosis.

Under different strategies, whether it is in form of hemicraniectomy as the most common, or other variants such as the coronal-bifrontal, the objective is to relieve the elevated ICP that has been refractory to the postural, ventilatory, and pharmacological treatments proper of the neurocritique care.[@JR150066-7] [@JR150066-8] [@JR150066-9] [@JR150066-10] [@JR150066-11]

In many cases the elevated ICP is controlled, however, the impact in morbi-mortality is still debatable, particularly in the quality of life of the patients submitted to this procedure, mainly referring to the condition of the primary neurological damage, more than the incidents derived from the decompressive craniectomy. The extension of the craniectomy, the topographic variants, the management of the dural opening, the cortical veins management as well as the appropriate time are still debatable, particularly in the long-term results in which survival rates are improved in some cases, but the neurological conditions after survival represent a severe disability.[@JR150066-12] [@JR150066-13] [@JR150066-14]

The consequences of removing a part of the skull contribute immediately to the control of the ICP from a biophysical point of view, however, they do not modify per se the primary damage, nor the physiopathological cascade of secondary alterations that have been activated as part of the primary lesion.

The craniectomy by itself may generate associated neurological complications on short, medium, and long terms. All of them have been included in the postcraniectomy syndrome, and clinically are characterized by dizziness, fatigue, headache, psychoemotional, and cognitive conditions, local sensibility or discomfort, pulsating sensation of the brain (specially with postural changes), and the progressive local sinking of the skin flap.

Some of these complications emerge after a decompressive craniectomy, and are secondary to specific facts such as the presence of ipsilateral hematomas or contralateral to the bone defect, epilepsy, herniation of the cortex along the bone defect in the beginning, leakage of cerebrospinal fluid, infection, subdural spilling, and hydrocephaly. The influence of atmospheric pressure has been recently analyzed in these cases under the description of the syndrome of the trephined, or sinking skin flap syndrome.[@JR150066-14] [@JR150066-15] [@JR150066-16] [@JR150066-17]

The absence of a cranium segment alters its equilibrium of the relation content/container and configures changes in the ICP, where the variable of the atmospheric pressure is added as a critical intervening factor. Other studies have demonstrated that in a patient with a major cranial defect, the cerebrospinal fluid pressure in the lumbar region in a vertical position is greater than in a patient with an intact cranial vault. It also showed that after the cranioplasty, the lumbar cerebrospinal fluid pressure returned to its normal levels. The theory suggested to explain these results was that the atmospheric pressure is transmitted to the cranial cavity, inducing the sinking of the skin flap to the interior of the cranial defect.[@JR150066-13] [@JR150066-14] [@JR150066-18] [@JR150066-19]

Other reports talk about a patient subject of multiple lumbar punctures several days after a frontotemporal right craniotomy to relieve her hydrocephaly syndrome, increasing the concavity of the skin flap and as a result the neurological deficit disappeared after the cranioplasty. At the same time, another case was described where a patient developed hydrocephaly after a right frontotemporal craniectomy where a ventriculoperitoneal shunt was placed and this generated an increase of the skin flap concavity of the uncovered area of the skull and cognitive deterioration; both cases improved after cranioplasty. These last two cases show the effects of adding a cerebrospinal fluid leak to patients who previously underwent a craniectomy.[@JR150066-14] [@JR150066-15] [@JR150066-16] This is one of the causes that lead to the sinking of the skin flap, and in the intracranial space results in the paradoxical herniation according to the description of this case.

In all cases, the ideal and timely treatment is the cranioplasty, so it is important to consider that decompressive craniectomy is not harmless, and it presents potential complications secondary to the absence of a portion of the cranial vault and the direct effect of the atmospheric pressure. Such condition generates the alteration in the equilibrium of the content/container intracranial forces and results in the paradoxical herniation.[@JR150066-20] [@JR150066-21]

Conclusion
==========

There is a proactive scenario to increase the number of wide decompressive craniectomies, with no regard for a strict systematization in the inclusion criteria, based on studies with a higher level of evidence. In addition, it is important to consider the full identification of what we now call the postcraniectomy syndrome, also identified in the literature as syndrome of the trephined or sinking skin flap syndrome. This means that the procedure as such is not free from complications and that these complications may present on a short, medium, or long term. The exposed clinical case clearly represents the magnitude of the impact of the atmospheric pressure and the effect of the ventriculoperitoneal shunt, as associated factors that intervene in a paradoxical herniation. A timely cranioplasty once the emergency of the mass effect is resolved must be contemplated as mandatory.[@JR150066-22]
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